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ABSTRACT 
Scanning electronic microscopic observations on leaf surface in ten populations of Urginea indica of the 
tribe scilleae are presented.  Leaf cuticular ornamentation, stomatal variations and differences, in wax 
deposition and stomatal frequency play an important role in delimiting the populations of Urginea indica. 
It is suggested that leaf surface characters can be used as secondary or supporting characters in 
biosystematic studies.  Our investigation has shown considerable variations in guard cell ratio, stomatal 
aperture, placement of stomata on ridges and furrows and other micromorphological features of interest. 
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INTRODUCTION 
Studies of epidermal and cuticular characters of leaves have played an important role in taxonomy of 
flowering plants and pharmacognosy (Stace 1965, 1966, Hardin 1979, Wilkinson 1979, Soladoye 1982, 
Wurdeck 1986).  As early as 1972 Blair and Turner proposed a new discipline in taxonomy namely the 
ultrastructural systematics.  The S.E.M reveals new stomatral categories and refined details with high 
systematic impact.  The epidermal characters are surprisingly little affected by the environment conditions 
in which a plant grows, there is evidence for a strong control over these characters Cutler and Brandham 
(1977) and Cutler (1979).  Members of the tribe scilleae show inter population and interspecific variations 
in leaf surface but no scanning electron microscopic studies are available.  The literature survey indicates 
that so for no study of the foliar stomata has been carried out on Urgine species.  The present studies on 
leaf surface in ten populations of Urginea indica were undertaken to assess the taxonomic significance of 
these features in understanding the inter population variations. 
 
MATERIALS AND METHODS 
Table 1 gives the details of the materials studied. 
The leaves were passed through a graded series of ethanol and xylene (Singh and Dube 1991) and stored 
in a dessicator until use.  Leaf pieces of about (0.5 sq.mm) were mounted on aluminium stubs with their 
abaxial surface and were first carbon coated and then gold coated for about 3 min.  The thus prepared leaf 
pieces were examined under SEM Hitachi model at an accelerating voltage of 20 kv.  The selected 
surfaces of the leaves were photographed.  The terminology used in this paper follows Metcalf and Chalk 
(1950) and Rasmussen (1981). 
 
RESULTS 
Table 1 shows populations of Urginea indica studied Figure 1, 2, 3 are micrographs of scanning electron 
microscopic examinations respectively. 
Populations of Urginea indica differ in their chromosome number (Table 1). The chromosome number 
varied within population of the species.  The chromosomal variations reflected the variations in the leaf 
surface as seen by SEM. 
Population 1: Ridges and grooves are fewer broader, irregular and thick along veins, stomata found on 
ridges appears as wheat grain with a closed aperture.  The aperture measures 12 x 1 µm and guard cells 18 
x 6 µm (Figure 1. A). 
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Table 1: Populatiosn of Urginea Indica Kunth. Liliaceae 
Populations Place of Collection 2n Chromosome number 
Urginea indica (1) K.R.S. Island (Mysore) 2n = 36 
Urginea indica (2) Bellur 2n = 40 
Urginea indica (3) Gorur (Hassan) 2n = 40 
Urginea indica (4) Gulbarga Forest 2n = 40 
Urginea indica (5) Uttanahalli (Mysore) 2n = 20 
Urginea indica (6) G.K.V.K. (Bangalore) 2n = 20 
Urginea indica (7) Karighatta (Srirangapatana, Mysore) 2n = 20 
Urginea indica (8) Channamalipura 2n = 60 
Urginea indica (9) Hadinaru (Mysore) 2n = 40  
Urginea indica (10) Papanasini (Andra Pradesh) 2n = 40 
 
 
Figure 1 (A-D): Leaf surface morphology of Urginea indica kunth. populations. 
A-Population 1: Ridges and grooves are fewer, broader and thicker, wheat grain like stomata x 1000 
B-Population 2: Ridges and furrows are wavy and smooth, stomata narrowly elliptic with closed aperture 
x 1000 
C-Population 3: Ridges and furrows are slightly undulating, stomata bluntly elliptical shape x 1000 
D-Population 4: Ridges and furrows are closer stomata present on ridges x 1000 
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Population 2: Ridges and furrows are wavy with smooth and thin deposition of wax along veins.  
Stomata found in grooves are narrowly elliptic with closed aperture.  The aperture measures 9 x 2 µm and 
guard cells 23 x 5 µm (Figure 1. B). 
 
 
Figure 2 (A-D): Leaf surface morphology of Urginea indica kunth. Populations. 
A-Population 5: Ridges broader and furrows highly broader, stomatas with broader aperture x 1000 
B-Population 6: Ridges and furrows wavy and closer, stomatas bluntly elliptical x 1000  
C-Population 7: Ridges and grooves parallel along veins, stomata elongated with narrow aperture x 1000 
D-Population 8: Uniformly arranged ridges and furrows along veins broader and closer around guard 
cells, stomatas elongated x 1000 
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Figure 3 (A-B): Leaf surface morphology of Urginea indica kunth. populations. 
A-Population 9: Ridges and furrows run parallel along veins, stomates sunken narrowly elliptic x 1000 
B-Population 10: Closely packed ridges and furrows, stomata elongated with broader aperture x 1000  
 
Population 3: Ridges and furrows are slightly undulating with little deposition of wax.  Ridges are 
broader than grooves.  Stomata found on ridges in alternating rows are elliptical in shape with a small 
aperture.  Aperture measure 6 x 1 µm and guard cells 17 x 7 µm (Figure 1. C). 
Population 4: Ridges and furrows are closer and run parallel along veins.  Stomata are present on ridges.  
Very thin fine particles of wax deposited all over the leaf surface and it is more concentrated around 
stomates.  Wax comes in the way of aperture covering entire outer surface of guard cells.  Aperture 
measures 11 x 1 µm, Guard cells 19 x 8 µm (Figure 1. D). 
Population 5: Grooves highly broader than ridges.  Stomates are present on ridges which are broadly 
elliptical in shape with broader aperture.  The stomatal aperture measures 12 x 2 µm, guard cells about 17 
x 10 µm (Figure 2. A). 
Population 6: Leaf surface shows ridges and furrows which are wavy and closer.  The stomata are 
bluntly elliptic found in grooves with a narrow aperture.  The aperture is filled with wax.  Wax is also 
found on the wavy surface as tiny particles.  Aperture measures 13 x 2 µm, guard cells 20 x 5 µm (Figure 
2. B). 
Population 7: The surface has ridges and grooves parallel to the veins.  Stomates are found in grooves, 
stomates elongated with narrow aperture.  The wax deposition is thick on either side of stomata.  The 
aperture is closed in few and opened in few stomatas with wax deposition.  Aperture measures 9 x 1 µm, 
guard cells 23 x 9 µm (Figure 2. C).  Stomatal frequency is less. 
Population 8: Leaf surface shows ridges and furrows parallel and more uniform along the  veins.   Ridges 
become broader and closer around guard cells.  Especially parallel along the long axis of  the guard cells.  
Stomata are very much elongated and present in the grooves.   Stomata are restricted   to small areas 
where ridges and grooves are not distinct.  Furrows and ridges are not discernable around stomata.  
Aperture measures 12 x 1 µm, guard cells 28 x 5 µm (Figure 2. D). Wax deposited as tiny particles and 
along the edges of stomata. 
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Population 9: Ridges and furrows are less prominent run parallel along the veins.  Stomata are sunken 
and restricted to the grooves.  Stomatas are bluntly elliptic with open aperture.  Wax deposition is 
irregular.  Aperture shows 19x4 µm, guard cells 24 x 5 µm (Figure 3. A). 
Population 10: This population is quite distinct in its leaf surface features unlike other populations it is 
characterized by closely packed ridges and furrows which run parallel along the veins.  Stomata are 
elongated with slightly broader and narrower aperture.  Stomata found in narrow grooves.  Wax 
deposition is irregular.  Aperture measures 14 x 2 µm, guard cells 23 x 7 µm (Figure 3. B). 
 
DISCUSSION 
The leaf surface ornamentation, distinctive characters, stomatal complex, variations in wax deposition 
viewed under SEM have been discussed below. 
Ornamentation on the cuticular surfaces, the type, shape of stomata, wax deposition on the leaf surface 
are so unique to each population that they could be used as secondary supporting characters along with 
the data available from other disciplines.   
Cutler (1979) has pointed out that leaf surface studies could be of taxonomic value in delimiting the taxa 
of liliaceae.  It has been shown that SEM studies on the leaf surface could be of considerable value in 
understanding the relationship of taxa.  The chromosome numbers were determined to understand the 
basis of variations within populations of U.indica.   
Leaf surface largely consist of ridges and furrows which run parallel to the veins in majority of 
populations.  For eg., populations 4, 7, 8, 9 under study but the size and arrangement of ridges and 
furrows vary in few.  In population 1 ridges and grooves are fewer and broader.  In population 2 and 6 
they are wavy and smooth.  In population 5 ridges broader and grooves highly broader.  Ridges and 
furrows on leaf surface are also significant in delimiting populations and are of taxonomic importance. 
Differences in shape size and distribution of stomata have been noticed.  Ridges and furrow varies from 
fewer, thicker, broader, slightly undulating, wavy smooth and closely placed stomatal frequency also 
plays an important role.  Highest stomates noticed in population 4 and 7 and lowest in population 2 and 6.    
In one population stomata are found in cavities (10).  On ridges in (1, 3, 4, 5) and in grooves in (2, 6, 7, 
9).  Stomatal shape also varies in different populations ranging from elongated, narrowly elliptic, bluntly 
elliptic, wheat grain like, with broader and narrow aperture.  Aperture opens in few stomata and closed in 
few.  The length and breadth of aperture is another micromorphological feature of interest.  The longest 
aperture noticed in population 10 (14 x 2 µm) and the smallest in population 3 (6 x 1 µm).  Guard cell 
ratio are vary in their size and shape, highest has been noticed in population 1 (12 µm) and lowest in 
population 5 (1.7 µm). 
The variations are so distinct that they could be used as a tool in delimiting the population of Urginea 
indica. Dele and Pereira Sheteolu, (1988), distinguished the three medicinal species of Ocimum by their 
stomatal index values and also prepared a dichotomous key based on light microscopic features. SEM 
studies on leaf surface characteristics of leaves, tendrils, flowers and fruits of Telfaira occidentalis and 
T.pedata have shown that the presence or absence of epicuticular wax is of taxonomic significance 
(Okoli, 1989).  SEM observations on cuticular ornamentation stomata and trichomes in 200 species of 
Elaeocarpaceae have enabled their use for classification purpose (Singh and Dube, 1991).  Bentzer (1973) 
was also aware of intra population variations.  S.E.M.  studies has been made in mulberry genotypes by 
Singhal et al., (1999).  Syeda et al., (2009) have studied the structure, distribution and taxonomic 
significance of foliar stomata in Sibbaldia species.  Recently comparative leaf epidermal morphology in 
Suaeda species (a halophyte) has been made by Anjum et al., (2009).  Thus our study strongly supports 
the works of (Bentzer, 1973; Soladoye, 1982; Mukherjee et al., 2000; Kameshwari and Muniyamma, 
2001). 
Comparative morphology of the leaf epidermis in Fritillaria from China has been made by Qiany Wang 
et al., in 2009 and they report that there is no significant variation between different populations of the 
same species.  In contrast in our studies on U. indica population there is obvious differences in leaf 
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S.E.M. characters.  The stomata and other epidermal features are constant and valuable for classification.  
The studies of S.E.M. of leaf surface by Zeinab (2008) presented a new taxonomic tool in confirming the 
close relationship between Gagea and Calochortus of Tulipeae (Liliaceae). 
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